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CHAPTER 1 
LITERATURE REVIEW 
1.1 Colorado Potato Beetle 
Colorado potato beetle, (CPB), Leptinotarsa 
decemlineata (Say), represents a serious pest of potato. 
Once confined to the United State east of the Rocky 
Mountains where it fed on its native host, the buffalo bur, 
Solanum rostratum (Dunal) , CPB is now common in the 
Mississippi Valley and its tributaries, eastward to the 
Atlantic coast , northward in southern Canada and southward 
to the Gulf of Mexico (Tower, 1906). CPB is not confined to 
the United State but is encountered in Europe and occupies 
an area equal in size to its distribution in North America 
(de Wilde and Hsiao, 1981). 
CPB devastates crops by its voracious feeding. Fourth 
instars consume more than 500 mm2 of potato foliage per day 
and adults from 130 to 1200 mm2 per day (Radcliffe, 1982). 
Although potato is the preferred host, beetles may feed and 
survive on other members of the nightshade plant family, 
including: eggplant, tomato, pepper, tobacco, horsenettle, 
groundcherry, jimsonweed, thorn apple, henbane, belladonna, 
and other host plant such as thistle and mullein (Metcaff et 
al., 1962; Westcott, 1964; Hofmaster, 1979; Linduska, 1978). 
Control of this most harmful pest over the past forty 
years has involved the use of all major classes of 
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insecticides. Despite an increase in the variety of 
insecticides used, arthropod resistance to these chemicals 
is still a serious threat to potato production of. Because 
CPB represents a limiting factor in the production of 
potatoes, increased damage due to high levels of 
insecticide-resistant beetles is a major problem associated 
with potato cultivation. 
With the discovery of DDT in 1939, problems with CPB on 
potatoes were thought to be at an end. In fact, initial 
tests with CPB confirmed the efficacy of DDT and resulted in 
the control of this harmful pest. However by 1952, 
resistance to DDT in a CPB population was first noted in New 
York state (Quinton, 1955). In turn, CPB was discovered to 
be resistant to dieldrin and other chlorinated hydrocarbon 
insecticides (Hofmaster and Waterfield, 1965) . Failure to 
control CPB was extented to various European countries where 
CPB population have become resistant to lindane, 
cyclodienes, organophosphates, and carbamates (Lakocy, 
1976) . Contrary to the failure of control of CPB by 
insecticides in most countries, Canadian populations of CPB 
have not been reported to be resistant to chlorinated 
hydrocarbon or organophosphate and carbamate insecticides 
(Harris et al., 1976). 
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1.2 Avermectin 
The avermectins are a class of closely-related 16- 
membered macrocyclic lactones with antibiotic properties. 
They were was first isolated from an actinomyces, 
Streptomyces avermitilis, in 1976 (Burg et al., 1979). 
Avermectins can be separated into four major (A^a, A2a, B]_a, 
B2a) anc^ four minor (A^b, A2b, B^b/ B2b) homologous 
components. The B series are generally the more 
biologically active; the relative toxicity of the B^ and the 
B2 groups varying with the target species and mode of 
application (Campbell et al. , 1983). Abamectin (MK-936) is 
a mixture that consists at least of 80% avermectin Bla, and 
no more than 20% avermectin B^b* A synthetic derivative of 
avermectin B^, 22,23-dihydroavermectin (DHAVM B^, 
ivermectin) has been developed for veterinary and medical 
use, while avermectin B^ (AVMB1, Abamectin) is under 
development as an agricultural acaricide (Campbell et al., 
19 83 ; Dybas & Green, 1984) . 
Avermectins are novel insecticides and drugs that have 
had tremendous impact in veterinary medicine and whose 
potential in human medicine and insect control is enormous 
(Putter et al., 1981, Campbell et al. , 1983). Avermectins 
were first shown to be insecticidal in tests against the 
stored products beetle, Tribolium confusum (Duval) (Ostlind 
et al., 1979). Avermectin Bla is highly toxic to 
Tretranychus urticae (Koch) and many other tetranychid, 
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eriophyid, and tarsonemid mites and to various insect pests 
within the orders Lepidoptera, Coleoptera, Hemiptera, and 
Diptera (Dybas and Green, 1984). 
1.3 Resistance Mechanisms 
The intensive use of synthetic organic insecticides to 
control arthropod pests and disease vectors has led to the 
phenomenon of insecticide resistance (Georghiou, 1986). 
Known to occur for nearly 76 years, resistance has become 
most serious since the discovery and widespread use of 
synthetic organic compounds in the last 40 years (Georghiou, 
1986) . Insecticide resistance poses a serious obstacle in 
effort to increase agricultural production and to reduce or 
eliminate the threat of vector-borne diseases. 
When the phenomenon of resistance first developed in 
insects first, it was difficult to realize that the control 
failure was not due to the use of an inferior grade or 
incorrect formulation of insecticide, to inadequate 
application, or to unsatisfactory environmental condition. 
Ultimately, it was shown to be due to a loss in the 
susceptibility of the insect population (Brown and Pal, 
1971). Georghiou and Taylor (1976) outlined three majors 
factors which influences selection for resistance to 
insecticides: 1) genetic, 2) biological, and 3) operational 
(Table 1) . 
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Table 1. Known or Suggested Factors Influencing the 
Selection of Resistance to Insecticides in Field 
Populationsa. 
A~. Genetic 
1. Frequency of R alleles 
2. Number of R alleles 
3. Dominance of R alleles 
4. Penetrance; expressivity; interactions of R 
alleles 
5. Past selection by other chemicals 
6. Extent of integration of ar genome with fit¬ 
ness factors 
B. Biological 
a. Biotic 
1. Generation turn-over 
2 . Offspring per generation 
3 . Monogamy / polygamy; refugia 
Operational 
a. The chemical 
1. Chemical nature of pesticide 
2 . Relationship to earlier used chemicals 
3 . Persistance of residues; formulation 
b. The application 
1. Application threshold 
2 . Selection threshold 
3 . Life stage(s) selected 
4 . Mode of applicaton 
5 . Space-limited selection 
6 . Alternating selection 
aAdapted from Georghiou and Taylor, 1976. 
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The two first factors are inherent qualities of the 
population, and therefore are out of our direct control. 
However, their assessment is essential in determining the 
"risk for resistance" of a target population. Contrary to 
genetic and biological factors, the operational factors are 
under our direct control and hence provide a means to manage 
the development of resistance in pest insect populations. 
Mechanisms by which insects become resistant to 
toxicants are variable and include enhanced xenobiotic 
metabolism, physiological penetration barriers, decreased 
sensitivity of the target site, and modification of behavior 
leading to reduced exposure to the toxicant (Georghiou, 
1972). Of these, metabolic detoxification is the preeminent 
means whereby insects became resistant to insecticides. 
Xenobiotic metabolism occurs in two steps: 1) phase I 
or primary reactions, and 2) phase II or secondary 
reactions. Primary metabolism involves oxidative, reductive 
or hydrolytic biotransformation in which a polar, reactive 
group is added to or uncovered in the molecule. The 
resulting phase I product can be excreted directly or 
undergo further secondary metabolism. Such phase II 
reactions form water-soluble conjugates with endogenous 
materials such as glucose, glucuronic acid, sulfate, 
phosphates or amino acids that are eliminated primarily by 
excretion. 
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1.3.1. Oxidative Metabolism as a Resistance Mechanism to 
Pesticides 
Polysubstrate monooxygenases (PSMO) are of considerable 
importance and often play a dominant role in determining the 
biological activity or toxicity of a given insecticide. 
Membrane-bound PSMO exhibit an unusual degree of non¬ 
specificity and a predilection for fat-soluble compounds 
that they metabolize through reactions involving numerous 
functional groups. Among these reactions are aromatic, 
alicyclic, and aliphatic hydroxylation, 0-, N-, and S- 
deakylation of ethers, esters, and substituted amines, 
oxidation of thioethers to sulfoxides and sulfones, 
epoxidation of aromatic and olefinic double bonds, and 
desulfuration (Testa and Jenner, 1976; Nakatsugawa and 
Morelli, 1976) . Oxidative metabolism of insecticides has 
been well studied among mammalian species as well as several 
classes of arthropods, including insects (Wilkinson, 1979; 
Testa and Jenner, 1976; Agosin and Perry, 1974; Mannering, 
1971; Hodgson and Plapp, 1970). 
1.3.2 Decreased Cuticular Penetration as an Insecticide 
Resistance Mechanism 
The cuticle of insects functions both as an exoskeleton 
and as a barrier between the internal living tissues and the 
external environment. The structure and the composition of 
insect cuticle have been wildely investigated (Barbier, 
1968; Delachambre, 1975; Kaysar-Wegmann, 1976). Insect 
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cuticular lipids, particulary hydrocarbons, have been found 
to play a number of important functional roles (Lockey, 
1980; Lockey, 1985). Several functions can be attributed to 
the outer most waxy layer that is composed principally of 
cuticular hydrocarbons: 1) it represents an effective 
barrier against the loss of water, 2) it protects insects 
from being infected by microorganisms, and 3) it limits the 
penetration of pesticides. The role of cuticular 
hydrocarbons as aphrodisiacs, alarm pheromones, kairomones, 
sex attractants, and in chemical communication also have 
been studied (Blomquist and Jackson, 1979; Howard and 
Blomquist, 1982) . 
The cuticular lipids of insects consist of aliphatic 
compounds that are present in the outer layer of the 
integument. They often consist of complex mixtures of 
apolar compounds that include: straight-chain saturated, 
unsaturated, and methyl-branched hydrocarbons; wax esters; 
sterol esters; ketones; alcohols; aldehydes; and acids 
(Blomquist et al, 1987). The percentage of n-alkanes in 
insect hydrocarbons ranges from 98% in adult tenebrionid 
beetles, Eurychora spp. (Lockey, 1985), to 62% in the adult 
carpet beetle, Attagenus megatoma (Beker et al., 1979), to 
only trace amounts in tsetse flies (Nelson et al., 1986, 
1988) . 
Interestingly, the cuticular hydrocarbons in CPB differ 
both qualitatively and quantitatively from those of most of 
the other insects so far investigated (Malinski et al., 
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1986) . Cuticular hydrocarbons identified in CPB consist 
mainly of 2-methylalkanes, internally-branched 
monomethylalkanes, dimethyl-, trimethyl-, and probably 
tetramethyl-alkanes. Contrary to most insects, both n- 
■alkanes and n-alkenes are reportedly absent in CPB beetles 
(Malinski et al. , 1986) . Dubis et al. (1987) reported that 
2-methyltriacontane is a prominent component of the waxy 
layer of the potato, S. tuberosum (i.e. 11.2 to 17.4% of the 
total hydrocarbon composition). They also found that 2- 
methyltriacontane is one of the most abundant cuticular 
hydrocarbon component in both sexes of adult CPB (10.9 to 
12% of the total hydrocarbon composition). 
Reduced cuticular penetration of insecticides in the 
final expression of insecticide resistance has been shown 
numerous times (Sawicki and Farnham, 1967; Oppenoorth and 
Welling, 1976) . Although reduced penetration to various 
insecticides has been indirectly measured in many insects, 
the biochemical mechanism that results in reduced 
penetration not been shown. 
Genetic and biochemical studies on the highly 
abamectin-resistant (35 to 60,000-fold) AVER strain of house 
fly have detemined that resistance is autosomal, recessive 
and polyfactorial (Konno et al. , 1991). Interestingly, two 
biochemical mechanisms have been associated with the 
resistance: 1) decreased cuticular penetration, and 2) 
altered abamectin binding due to a small reduction in the 
number of specific binding sites. In the AVER strain. 
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injection of abamectin results in the reduction of 
resistance to approximately 35-fold. This has established 
penetration as the major mechanism associated with abamectin 
resistance in house fly (Konno et al. , 1991). 
1.3.3 Insecticide Resistance in CPB 
Resistance can be developed by any means that: reduces 
the amount of toxin reaching the target, reduces the 
sensitivity of the target towards the toxin, or by any 
combination of the above reduction processes that protects 
the target site. CPB has displayed all known insecticide 
resistance mechanisms including: metabolic, 
physiological/behavioral, pharmacokinetic, and 
pharmacodynamic/site-insensitivity (Argentine, 1991). As 
knowledge of resistance increased, it became evident that 
there are mechanism operating other than purely metabolic 
ones. Some of these factors may not be significant by 
themselves, but when combined with metabolic processes, they 
can result in high levels of resistance. 
1.3.3.1 Reduced Cuticular Penetration to Azinphosmethyl as 
an Insecticide Resistance Mechanism in the MA-R Strains of 
CPB 
The high level of resistance (435-fold) to the 
organophosphate insecticide, azinphosmethyl, in a multiply- 
resistant (MA-R) field strain of CPB appears to be complex 
and involves at least three factors. These include altered 
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site insensitivity, enhanced xenobiotic metabolism, and 
reduced penetration (Argentine et al., 1994) 
An altered AChE that is 16-fold less sensitive to 
azinphosmethyl-oxon inhibition has been purified and then 
characterized (Zhu and Clark, 1994). Removal of this factor 
from the total resistance would leave only approximately 27- 
fold of the total resistance unaccounted for in the MA-R 
strain (i.e. 435-fold divided by 16-fold). Enhanced 
xenobiotic metabolism would reduced the unaccounted for 
resistance to approximately 6 to 10-fold (i.e. 27 divided by 
4.3 or 2.8-fold) depending on preparation (Argentine et al., 
1994) . 
Recent studies showed that the MA-R strain of CPB has a 
reduced cuticular penetration factor involved in overall 
azinphosmethyl resistance compared to a susceptible (SS) 
strain of CPB (Argentine, 1991). The MA-R strain has 
approximately 2-fold more [14C]azinphosmethyl remaining on 
the cuticle surface 2 hr after a topical application 
compared with the SS strain. The 3-fold reduction in 
overall azinphosmethyl resistance between the MA-R and AZ-R 
strains is similar to the 2-fold decreased in 
[14C] azinphosmethyl penetration measured in the MA-R strain. 
Removing the 2 to 3-fold penetration aspect of overall 
resistance would result in approximately 2 to 4-fold of the 
total resistance unaccounted for (i.e. 6 to 10-fold divided 
by 2.5-fold). Such a reduced penetration factor may be of 
particular importance in azinphosmethyl resistance in CPB 
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because of the rapid excretion of radiolabeled compound. 
Reduced penetration coupled with rapid excretion could 
prevent internal levels of azinphosmethyl from reaching 
toxic concentrations in the nervous system (Argentine et 
al., 1994) . 
In summary, the above biochemical studies have 
identified an insensitive AChE that is apparently synergized 
by the combined presence of the two minor factors: 1) a low 
level of enhanced oxidative metabolism (2 to 4-fold), and 2) 
a penetration factor (2 to 3-fold, MA-R only). It is likely 
that the remaining resistance (e.g., 2 to 4-fold) that is 
unaccounted for by these three resistance mechanisms is due 
to another minor factor or to synergism between these 
resistance mechanisms. 
1.3.3.2 Resistance to Abamectin in CPB 
Two abamectin-resistant strains of CPB have been 
selected by separate means. One was generated through an 
intense selection with abamectin of the MA-R field strain 
(i.e. AB-F) and the other (i.e. AB-L) was generated by 
exposure of newly emerged susceptible laboratory (SS) males 
to ethyl methylsufonate selection (Argentine et al., 1990). 
Multiple backcrossings resulted in near isogenic strains 
that are 23- and 15-fold resistant, respectively. 
Resistance is autosomal, incompletely recesssive, and 
polyfactorial for both strains. Oxidative metabolism is the 
most important mechanism in overall abamectin resistance. 
12 
In fact, high levels of oxidative synergism, elevated 
cytochrome P-450 levels, and increased, amounts of oxidative 
metabolites of [^H]avermectin Bja (24-OH and 3"desmethyl) 
substantiated a monooxygenase-base resistance (Clark et al., 
1992) . 
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CHAPTER 2 
DIFFERENTIAL TOXICITY OF ABAMECTIN AND TWO AVERMECTIN 
ANALOGS (ABAMECTIN ,8,9-OXIDE, 4"-EPIMETHYLAMINO AVERMECTIN) 
TO SUSCEPTIBLE (SS) AND ABAMECTIN-RESISTANT (AB-F & AB-L) 
STRAINS OF CPB, Leptinotarsa decemlineata (Say), 
(Coleoptera: Chrysomelidae) 
2.1 Materials and Methods 
2.1.1 Differential Toxicities 
2.1.1.1 CPB Strains and Rearing Conditions 
Three strains of CPB were used in this research, a 
susceptible laboratory strain (SS), supplied by G. G. 
Kennedy, North Carolina State University, Raleigh, NC, and 
two near isogenic, abamectin-resistant strains, a field- 
selected strain, AB-F, and an EMS-treated strain, AB-L 
(Argentine and Clark, 1990). Beetles were reared m 
aluminum and fiber-glass screen cages (0.66m x 0.91m x 
0.50m) and fed "Superior" or "Red" potato plants. Beetle 
rearing conditions were 27(±2)°C, 50% RH, and a photoperiod 
of 16:8 (L:D). 
2.1.1.2 Insecticides 
The following insecticides were used m this study and 
were obtained from Merck, Sharp & Dohme, Rahway, NJ: 
14 
L 676, 863-000V088), Abamectin (Abamectin, 93% pure, tech., 
Abamectin 8,9-oxide (8,9-oxide, > 90% pure, tech., L 639, 
288-000S010) and 4"-epimethylamino avermectin Bla (MK-0244, 
> 90% pure, tech., L 656, 748-052S002) . 
2.1.2.3 Bioassav 
Four different instars and 24 + 2 hr old adult males 
and females were used to assess the differential toxicity of 
abamectin and two avermectin analogs. The four different 
instars of CPB were separated by weight and morphological 
differences [first instar (1-4 mg) , second instar (5-14 mg) , 
third instar (15-35 mg), and fourth instar (60-80 mg)]. The 
head capsule for the first, second, third and fourth instars 
measure approximately 0.55 mm x 0.70 mm, 0.95 mm x 1.05 mm, 
1.55 mm x 1.60 mm, and 2.20 mm x 2.30 mm, respectively 
(Patay, 1937). 
Abamectin and the two analogs were dissolved in acetone 
and applied to the dorsal abdomen of first and second 
instars, and to the third dorsal abdominal segment of third 
and fourth instars. Abamectin and the two analogs were 
applied to the second ventral segment of the abdomen of 
adults. The first and second instars were manipulated for 
dosing with a vacuum forcep system (Model K-150, Jensen 
Tools Inc., Phoenix, AZ). Abamectin and the two analogs 
were topically-applied directly to all instars and adults 
beetles with a microapplicator (model 1010, Houston Atlas, 
Houston, TX). A 50 ul glass microsyringe was used for the 
15 
first and second instars and a 100 ul glass microsyringe was 
used for the third and fourth instars and adult beetles 
(Hamilton Co., Reno, NV). 
A final concentration of the insecticide was applied in 
0.5 ul of acetone for first and second instars and in 1.0 ul 
of acetone for the third and fourth instars and adults. 
Concurrent controls were included in each bioassay and 
consisted of appropriate beetles dosed only with acetone at 
the appropriate amount. 
Up to 15 treated beetles were placed into a 0.473 liter 
(one pint) glass jar and supplied with cut potato stalks 
placed in aquapics with water (Aquatic, Kokomo, IN). 
Mortality was assessed 72 h after treatment. A beetle was 
considered moribund if it could not right itself within 1 
min after mechanical probing. From 5 to 12 dose levels of 
abamectin and the two analogs were used in all tests (i.e. 
0.005 to 50 ug/larva). Each treatment consisted of 5 to 15 
beetles with 5 to 15 replicates of each dose. Mortality 
data were subjected to logit analysis and a likelihood ratio 
test was used to compare the parallelism and equality of the 
logit mortality versus log dose curves (P=0.05, Polo-PC, Le 
> 
Ora Software, Berkeley, CA). The null hypothesis tested was 
that the logit analysis lines of insecticides-treated 
beetles were not significantly different from logit analysis 
lines of solvent-treated control beetles. 
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2.1.2 Microsomal Cytochrome P-450 Detremination 
2.1.2.1 CPB Strains 
One hundred fourth instars (from 60 mg to 80 mg) and 
fifty 24 + 2 hr old adults from SS and AB-F strains were fed 
on potato for 2 hr and then were unfed for 14 hr. This 
process purged for the midgut potato leaf pigment that 
interfered with the spectrophotometric analysis of 
cytochrome P-450 levels. 
2.1.2.2 Microsome Preparation 
Abdomens of individual beetles were excised with a 
razor blade. Excised abdomens were homogenized in 10 ml of 
0.2 M potassium buffer (PBS, pH 7.8) containing 20% 
glycerol, 1.0 mM ethylenediaminetetraacetic (EDTA), 0.4 mM 
phenylmethylsulfonyl fluoride (PMSF in ethanol), 0.1 mM 
dithiothreitol (DTT), and 0.028 mM epoxisuccinyl-L- 
leucylamido-(4- guanido)-butane (E 64) with a Potter- 
Elvehjem homogenizer for 7 strokes at 4°C. It is important 
to use fresh PMSF because of its instability in ethanol. 
The crude homogenate was filtered through two layers of 
nylon mesh and centrifuged at 13,000g for 15 min at 4°C. 
The supernatant was centrifuged at 105,000g for 1 hr at 4°C. 
The microsomal pellets were resuspended in 10 ml and 5 ml of 
0.05 M Tris-base/HCl (pH 7.9) containing 20% glycerol for 
fourth instars and adults, respectively (Argentine, 1991). 
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2.1.2.3 Protein Determination 
Microsomal protein concentration was measured by the 
bicinchoninic acid (BCA) method (Smith et a.1. , 1985) using 
bovine serum albumin (BSA) as the standard protein (Sigma 
Chemical Co., St Louis, MO). 
2.1.2.4 Assay for Cytochrome P-450 Content 
Cytochrome P-450 levels were determinated from the 
carbon monoxide (CO) difference spectra of sodium 
dithionite-reduced samples. An extinction coefficient of 91 
cm-1 mmole ^ was used to calculate the amount of cytochrome 
from the absorbance differences between 450 and 490 nm 
(Omura and Sato, 1964). A 0.4 ml aliquot of microsomal 
suspension was diluted using 0.8 ml of PBS (pH 7.8). A few 
ml111grams of sodium dithionite was added and the reduced 
microsomal suspension divided between two 0.5 ml cuvettes. 
Carbon monoxide was bubbled for 15 sec into one cuvette, and 
the difference absorbance spectrum recorded at room 
temperature using a Shimadzu 210 UV double-beam 
spectrophotometer (Sjiimadzu Seishakusho LTD., Kyoto, Japon) . 
2.2 Results and Discussions 
2.2.1 Differential Toxicity of Abamectin and two Avermectin 
Analogs to all Instars and Female and Male Adults of SS, AB- 
L and AB-F Strains of CPB 
Except for one case (i.e. 8,9-oxide-treated AB-L), 
abamectin was more toxic to first instars than either of the 
two analogs (Table 2). Abamectin was 1.7- and 1.3-fold more 
toxic to first instars of the SS strain than either of the 
two analogs, MK-0244 and 8,9-oxide, respectively. As judged 
by toxicity ratios, the 8,9-oxide was 1.2-fold more 
effective in producing mortality in first instars of the SS 
strain compared to MK-0244. Abamectin was 1.1-fold more 
toxic to first instars of the AB-L strain than MK-0244 but 
only 0.7-fold as toxic as the 8,9-oxide analog. Also, 
abamectin was 1.4- and 1.1-fold more toxic to first instars 
of the AB-F strain than either of the two analogs, MK-0244 
and 8,9-oxide, respectively. Finally, the 8,9-oxide was 
1.5-fold more toxic to first instars of the AB-L strain and 
1.3-fold more toxic to the AB-F strain than MK-0244. 
Abamectin was also more toxic to second instars than 
either of the two analogs (Table 3). Abamectin was 2.6- 
and 1.5-fold more toxic to second instar of the SS strain 
than either of the two analogs, MK-0244 and 8,9-oxide, 
respectively. The 8,9-oxide analog was again 1.7-fold more 
effective m producing mortality in second instars of the SS 
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strain compared to MK-0244 as judged by the toxicity ratios. 
Also, abamectin was 1.6- and 1.5-fold more toxic to second 
instars of the AB-L strain when compared to MK-0244 and 8,9- 
oxide, respectively. The 8,9-oxide was 1.1-fold more 
effective in producing mortality in second instars of the 
AB-L strain compared to MK-0244. Abamectin was 1.5- and 
1.2-fold more toxic to second instars of the AB-F strain 
than either of the two analogs, MK-0244 and 8,9-oxide, 
respectively. Finally, 8,9-oxide was 1.3-fold more toxic to 
second instars of AB-F strain when compared to MK-0244. 
In the third instar, the 8,9-oxide analog was the most 
toxic followed by abamectin and then MK-0244 (Table 4). In 
terms of the toxicity ratio, 8,9-oxide was 1.6- and 3.6-fold 
more toxic to third instars of the SS strain than abamectin 
and MK-0244, respectively. As judged by the toxicity 
ratios, abamectin was 2.3-fold more effective in producing 
mortality in third instars of the SS strain compared to MK- 
0244. The 8,9-oxide was 1.6- and 1.8-fold more toxic to 
third instars of the AB-L strain compared to abamectin and 
MK-0244, respectively. Also, abamectin was 1.4-fold more 
effective in producing mortality in third instars of the AB 
L strain compared to MK-0244. Finally, 8,9-oxide was 1.3- 
and 1.4-fold more toxic to third instars of the AB-F strain 
than abamectin and MK-0244, respectively. Finally, 
abamectin was 1.1-fold more effective in producing mortality 
in third instars of the AB-F strain compared to MK-0244. 
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In the fourth instar, abamectin was the most toxic 
compound compared to either of the two analogs in terms of 
SS strain mortality (Table 5). Abamectin was 1.6- and 2- 
fold more toxic to fourth instars of the SS strain compared 
to MK-0244 and 8,9-oxide, respectively. Abamectin was 1.1- 
fold more toxic to fourth instars of the AB-L strain 
compared to either MK-0244 or 8,9-oxide. The three 
compounds were of equal toxicity to fourth instars of the 
AB-F strain. The two analogs were not significantly 
different in their toxicity to fourth instars of the SS 
strain with both being approximately one-half as toxic as 
abamectin. There were no statistical differences in 8,9- 
oxide and MK-0244 toxicity to either of the abamectin- 
resistant strains. However, the AB-L strain was slightly 
more sensitive to all these insecticides compared to the AB- 
F strain. 
Abamectin was more toxic to both adult female and male 
beetles than either of the two analogs (Tables 6 and 7, 
respectively). Abamectin was 3.6- and 3.8-fold more toxic 
to adult females of the SS strain than either of the two 
analogs, MK-0244 and 8,9-oxide, respectively Table 6. 
Also, abamectin was 2.1- and 3-fold more toxic to adult 
females of the AB-L strain (Table 6), and 2.05- and 2.2-fold 
more toxic to adult males of the AB-L strain (Table 7), when 
compared to MK-0244 and 8,9-oxide, respectively. Finally, 
abamectin was 1.7- and 1.7-fold more toxic to adult females 
of the AB-F strain (Table 6), and 1.6-fold more toxic to 
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adult males of the AB-F strain than either of the two 
analogs, MK-0244 and 8,9-oxide, respectively. 
In summary, there was no significant difference in 
toxicity of abamectin when females and males of the same 
strain were compared. Similarly, neither of the two analogs 
were significant different in their toxicity to females and 
males of the same strain. These results were expected in 
that it has been previously established that abamectin 
resistance in CPB was autosomal, incompleted recessive, and 
polygenetic (Argentine, 1991). The lack of any sex-linked 
toxicity difference corraborates these original finding. 
To determine if the differential toxicity discussed 
above was due to weight differences associated with the 
various CPB stages examined, the LD50 values for each 
insecticide were re-calculated on a per milligram body weigh 
basis (Table 8). Judged in this manner, the first intars 
of the SS strain were more sensitive to the toxic action of 
abamectin than either of the two analogs (Table 8). 
However, the AB-L strain was more sensitive to the toxic 
action of 8,9-oxide than either abamectin or MK-0244. 
Additionaly, more MK-0244 was necessary to produce 50% 
mortality in first instars of AB-F strain compared to 8,9- 
oxide or abamectin. 
In the case of the second instar, the SS strain was 
more sensitive to the toxic action of abamectin than either 
of the two analogs (Table 8). Also, more MK-0244 was 
necessary to produce 50% mortality in second instars of the 
28 
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SS strain compared to 8,9-oxide. In general, more MK-0244 
was necessary to reproduce 50% mortality in the abamectin- 
resistant strains compared to 8,9-oxide or abamectin. Also, 
abamectin-resistant second instars were more sensitive to 
the toxic action of 8,9-oxide than MK-0244. 
In the case of the third instars, the SS strain was 
more sensitive to the toxic action of 8,9-oxide than either 
abamectin or MK-0244 (Table 8). In the case of abamectin- 
resistant strains, more MK-0244 was necessary to produce 50% 
mortality in the AB-L and AB-F strains compared to 
abamectin. 
Fourth instars of the SS strain were more sensitive to 
the toxic action of abamectin than either of the two analogs 
(Table 8) . Higher amounts of 8,9-oxide were necessary to 
produce 50% mortality in the SS strain compared to MK-0244. 
In general, there were no substantial differences in the 
toxic action of abamectin and the two analogs in the 
abamectin-resistant strains. 
Susceptible adult females and males were both more 
sensitive to the toxic action of abamectin than either of 
the two analogs (Table 8). Generally, the two analogs were 
of equal toxicity to the SS adults. 
In summary, it appears that strains of first instars of 
the SS were more sensitive compared to the other 
developmental stages to the toxic action of abamectin and 
the two analogs. Adult CPB were the least sensitive 
developmental stage to the toxic action of these 
30 
insecticides. The second, third, and forth instars were 
intermediate in their response. The abamectin-resistant 
strains were less sensitive to all of the three insecticides 
when compared to the SS strain on a per milligram of body 
weight basis. Nevertheless, abamectin was more toxic to the 
abamectin-resistant strains than either of the two analogs. 
Generally, the two analogs were of equal toxicity to the 
abamectin-resistant strains. Lastly, there were no 
substantial differences in the way in which the female or 
male beetles of any strain responded to individual 
insecticides. These results, based on a per milligram of 
body weight basis, corroborate the initial finding presented 
in Tables 2-7. 
2.2.2 Resistance to Abamectin and Cross¬ 
resistance to the MK-0244 and 8,9-oxide Analogs in Different 
Developmental Stages of the SS, AB-L and AB-F Strains of CPB 
Although resistance ratios varied, all four instars of 
the abamectin-resistant strains of CPB maintain resistance 
to abamectin and elicit cross-resistance to MK-0244 and 8,9- 
oxide (Tables 2-5) . Generally, the treatment of abamectin- 
resistant larval stages with abamectin resulted in the 
highest resistance ratios (Tables 2, 3 and 5). The one 
exception to this was evidenced in abamectin-resistant third 
instars treated with 8,9-oxide (Table 4). Except for third 
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instars, the two analogs resulted in approximately equal 
levels of cross-resistance in the other resistant instars. 
Adults of the abamectin-resistant strains (AB-L, AB-F), 
however, responded quite differently to treatment by these 
insecticides. Resistant adults treated with abamectin still 
resulted in the highest level of resistance (2.9 to 4.5- 
fold, Tables 5, 6) but the overall levels of resistance were 
greatly reduced compared to the larval stages (see 
resistance ratios in Tables 2-5 versus Tables 6-7). A 
similar trend also was apparent when the resistance ratios 
to MK-0244 and 8,9-oxide were compared in this fashion. 
There were no substantial differences in the resistance 
ratios calculated for each insecticide when females and 
males were compared (Tables 6, 7). 
To verify reduction in the level of abamectin 
resistance in adult stages, fourth instars of SS, AB-L and 
AB-F strains were re-selected to determine their 
susceptibility or lack of susceptibility to abamectin. 
After assessing the susceptibility or resistance to 
abamectin in a portion of the beetles from each of these re- 
selected populations, the remaining beetles were allowed to 
(^0-y"0iop into adults. Twenty-four-hr-old adult females and 
n\ales from these re-selected populations were then assessed 
by mortality bioassay as before. 
The re-selected fourth instars of the abamectin- 
resistant strains were slightly more resistant to abamectin 
(i.e. 1.2-fold and 1.2-fold for the AB-L and AB-F strains, 
32 
respectively) when compared t© the previously presented data 
(i.e. resistance ratios of 12.7 and 16.8 for the AB-L and 
AB-F strains, respectively. Table 5, versus resistance 
ratios of 15.3 and 19.8 for the re-selected AB-L and AB-F 
strains, respectively, Table 9). Noted that the resistance 
ratios calculated after the re-selection process were more 
similar to the original findings (i.e. 15- and 23-fold 
resistant for the AB-L and AB-F strains, respectively, 
Argentine, 1991). From this comparisons, it appears that 
the overall resistance levels for both strains decreased 
over time in the absence of continuous abamectin selection. 
Although resistance ratios varied, adults of the re¬ 
selected resistant strains maintain resistance to abamectin 
and elicit cross-resistance to MK-0244 and 8,9-oxide (Tables 
10, 11). Resistant adults of re-selected population treated 
with abamectin resulted in slightly increased level of 
resistance (1.3- and 1.1-fold for AB-L and AB-F adult 
females, respectively, and 1.4- and 1.3-fold for AB-L and 
AB-F adult males, respectively) when compared to the 
previously presented data (i.e. resistance ratios of 2.9 and 
4.5 for AB-L and AB-F adults females, respectively, and 2.9 
and 4.4 for AB-L and AB-F adults males, respectively, see 
Tables 6, 7, versus resistance ratios of 3.8 and 5.1 for AB- 
L and AB-F adult females, respectively, and 4.1 and 5.6 for 
AB-L and AB-F adult males, respectively, see Tables 10, 11). 
Adults from resistant strains treated with abamectin 
still elicited resistance but the overall levels of 
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resistance were greatly reduced (i.e. 3.8 and 5.1 for AB-L 
and AB-F adult females, respectively, and 4.1 and 5.6 for 
AB-L and AB-F adult males, respectively. Tables 9, 10) when 
compared to the fourth instars of the same cohort (i.e. 15.3 
and 19.8 for AB-L and AB-F, respectively. Table 8). 
These results corroborate our original findings that 
resistance levels decrease from larval to adult stages 
(Table 2-5, versus Tables 6-7). 
Additionally, resistance in abamectin-resistant strains 
apparently is not stable from generation to generation. 
Resistant strains developed by laboratory selection have 
nearly always reverted toward susceptibility upon release 
from insecticide pressure (Crow, 1957). This is because the 
superior fitness of heterozygotes not only makes it 
difficult to obtain a strain composition consisting entirely 
of homozygotes to the resistance factor, but insures a 
preferential survival of heterozygotes over resistant 
homozygotes when the insecticide is withdrawn (Crow, 1957) . 
Consequently, to avoid any reversion toward susceptibility, 
selection of the abamectin-resistant population at each 
generation has been found necessary. 
Similar findings also have been reported for the 
abamectin-resistant AVER strain of the house fly (Scott et 
al., 1994). Because abamectin resistance in both CPB and 
house fly has been shown to be highly recessive and 
instable, it is very possible that it is associated with a 
37 
major fitness divadvantage that could be exploited in 
resistance management strategies of the pest insects. 
In summary, abamectin appears to be the most effective 
compound when compared to the two analogs tested. It is 
interesting that although the two analogs are less toxic to 
the SS strain then is abamectin, they are generally equal 
in toxicity to the abamectin-resistant strains when compared 
with abamectin (see LD50 values, Tables 1-6) . This 
phenomenon ultimately results in lower resistance ratios 
calculated for the two avermectin analogs compared to those 
calculated for abamectin regardless of the insect stage 
examined. This phenomenon may be associated with the 
structure-activity relationships elicited by these 
insecticides and may be explained by a recent study that has 
established an enhanced oxidative metabolism as a resistance 
mechanism in the abamectin-resistant strains of CPB 
(Argentine et al., 1992). 
This oxidative metabolism leads to the formation of 
increased levels of more water-soluble, oxidative 
metabolites, including 3" desmethyl avermectin Bla and 24- 
hydroxymethyl avermectin Bla. Associated with this enhanced 
oxidative metabolism is the induction of higher levels of 
microsomal cytochrome P-450S. One possibility to account 
for the change in structure-activity could be that the 
uninduced SS strain metabolizes the two modified analogs 
more efficiently than abamectin-induced resistant strains, 
which are now better at specifically metabolizing abamectin. 
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However, the actual metabolic profiles of these analogs by 
the abamectin-susceptible and resistant strains need to be 
generated to resolve this issue directly. 
It is also necessary to elaborate on the apparent 
decrease in overall resistance levels to abamectin and the 
avermectin analogs in the adult stage. Decreased resistance 
is usually associated with an increased sensitivity of the 
resistant insect to an insecticide (i.e. a lowering of the 
LD50 value for the resistant strain). However, in the 
present case, the apparent decrease in resistance levels in 
the adults stage is primarily associated with the 
susceptible insect becoming less sensitive to the toxic 
action of these insecticides (i.e. an increased in the LD50 
value for the susceptible strain) rather than the resistant 
insects becoming more sensitive. This is generally 
consistant whether toxicity is compared on a per beetle 
basis (i.e. Tables 2-5 versus Tables 6-7) or on a per 
milligram body weight basis (Table 8). 
Finally, it should to be pointed out that adult beetles 
of both the abamectin-resistant strains still elicit some 
resistance to abamectin and cross-resistantce to the MK- 
0244, and 8,9-oxide analogs. This is most likely due to the 
fact that neither abamectin nor the two analogs are 
metabolically protected at the exact molecular locations 
where metabolism occurs (i.e. C24 and C3" carbons, see 
appendix 1, 2, 3). The availability of such selectively- 
protected avermectin analogs may be expected to remove this 
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recalcitrant aspect of overall resistance. Additionally, 
these selectively-protected analogs may be more effective 
t 
insecticides in suppressing the development of oxidative 
detoxification-based resistance at these vulnerable 
intramolecular sites of abamectin. 
2.2.3 Microsomal Cytochrome P-450 Determination 
To better understand the mechanism responsible for 
decreased resistance levels associated with the adult stage, 
a comparative study of cytochrome P-450 levels in fourth 
instars and adults of the SS and AB-F strains was included. 
Cytochrome P-450 levels were elevated 2.1-fold in 
fourth instars of the AB-F strain compared to fourth instars 
of the SS strain (Table 12). Unlike the situation in fourth 
instars of the SS and AB-F strains, the enzyme levels were 
approximately the same in the adults of the two strains 
(Table 12). These results corroborate our finding that 
resistance ratio decreased in the adults stages when 
compared to the larval stages (Tables 2 fo 5, versus 6, 7). 
In addition, susceptible adults were found to be less 
sensitive to the toxic action of abamectin rather than the 
2f0sistant adults becoming more sensitive. This is 
apparently due to the increased levels of cytochrome P-450 
associated with the adults stage and the approximate 
equality between the cytochrome P-450 levels of the adult 
stage of the SS and AB-F strains. 
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Table 12. Comparative cytochrome P-450 levels of fourth 
instars and adults of susceptible (SS) and abamectin- 
resistant (AB-F) strains of Colorado potato beetle. 
Strains Cytochrome P-450 levels 
(pmole/mg protein + SD) 
SS 
4th instar 102.7 ± 15.0 
Adult 297.8 + 15.9 
AB-F 
4th instar 221.5 ± 10.5a 
adult 306.3 ±70.1 
aCytochrome P-450 levels from 4th instars of the AB F strain 
were statisticaly different from levels found in 4th 
instars of the SS strain, t-Test P < 0.05. 
^Cytochrome P-450 levels from 24 + 2 hr adults of the AB F 
strain were statisticaly different from levels found m the 
24 + 2 hr adults of the SS strain, t-test, P < 0.05. 
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The present work has shown that first instars of the SS 
strain were more sensitive to the toxic action of abamectin 
and the two analogs on a per milligram basis (see Table 8). 
The second, third, forth instars of the SS strain were less 
sensitive to the toxic action of abamectin and the analogs 
when compared to first instars of the SS strain on a per 
milligram basis. Adults of the SS strain were much less 
sensitive to the toxic action of abamectin and the two 
analogs when compared to larvae stage. 
Besides the fact that the difference in sensitivity to 
abamectin and the two analogs exhibited by different 
developmental stages can be explained by differences in body 
weight, it also appears that these differences might be due 
to the level of cytochrome P-450. It is likely that the 
decreased sensitivity in the adults of the SS and abamectin- 
resistant strains are associated with increased levels of 
cytochrome P-450 (i.e. 306.3 and 297.8 picomole/mg protein, 
for adults of the AB-F and SS strains, respectively, Table 
12). Although cytochrome P-450 levels are the same, LD5o 
values of both strains are differents (see Tables 6 and 7). - 
These differences may be attribuated to the fact that the 
cytochrome P-450 absorption spectrum is comprised of many 
oxidases. The enhancement of the few oxidases that result 
* 
in the detoxification of abamectin in the resistant adults 
are not apparent by the spectrophotometric method used. In 
order to demonstrate any change in activity in the adults of 
the resistant strain, the oxidative metabolic profile of 
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abamectin needs to be examined using adult microsome 
preparation. 
Previous work also showed that cytochrome P-450 levels 
were elevated approximately 2-fold in the fourth instars of 
the AB-F strain compared to fourth instars of the SS strain 
(Clark et al. , 1992) . Thus, the present study is consistant 
with previously published results. Although the ratios in 
both studies are approximatly the same, the actual 
cytochrome P-450 levels in fourth instars of abamectin- 
resistant strains decreased (i.e. 102.7 + 15 and 221.5 + 
10.5 pmole/mg for the SS and AB-F, respectively, Table 11) 
compared to that of the original determination (240.2 + 79.4 
and 457 + 140 pmole/mg for SS and AB-F, respectively, Table 
IV, Clark et al., 1992). This decrease in cytochrome P-450 
levels, which apparently occurred since the initial 
selection of the strains, is consistent to our bioassay 
finding of the instability of resistance in abamectin- 
resistant strains. 
The above studies indicated that both the levels of 
cytochrome P-450 and the resistance ratios in the absence of 
abamectin selection decreased. This decrease can be 
attribuated to the instability of abamectin resistance and 
is likely due to a major fitness disadvantage being 
associated with this resistance factor. The recessive 
nature of this resistance and its instability both can be 
used to our advantage in management of abamectin resistance 
in CPB (see Chapter 4). 
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CHAPTER 3 
PENETRATION FACTOR(S) ASSOCIATED WITH THE WAXY LAYER OF 
MASSACHUSETTS-RESISTANT (MA-R) STRAIN OF CPB, Leptinotarsa 
decemlineata (Say), (Coleoptera: Chrysomelidae) 
3.1 Materials and Methods 
3.1.1 Morphological differences (Thickness) Between the 
Cuticle of Massachussets-resistant (MA-R) and Susceptible 
(SS) Strains of CPB 
3.1.1.1 CPB Strains and Rearincr Conditions 
Two CPB strains were used in the course of these 
experiments: 1) a Massachusetts-resistant (MA-R) strain 
collected from a potato field in Hadley, MA (Argentine, 
1987), and 2) a susceptible strain (SS) supplied by G. G. 
Kennedy, North Carolina State University at Raleigh. 
Beetles were reared as described in section 2.1.1.1. Adults 
(24 + 2 hr post-eclosion) from each strain were used in the 
microscopic study. 
3.1.1.2 Dissection Procedures and Cuticle Preparation for 
Transmission Electron Microscopy Study 
Two fixative solutions were used in this study. ' The 
first fixative was a 2% glutaldehyde solution mixed with a 
2% formaldehyde solution, both in a pH 7.4 phosphate buffer 
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solution (PBS). The second fixative was 2% osmium oxide 
(OSO4) prepared in a PBS buffer solution. 
Prior to dissection, each beetle was immersed in PBS. 
A section of the third ventral abdominal segment of an 
individual beetle was excised. After excision, each 
specimen was placed immediately into the first fixative for 
5 to 10 min. Each specimen was then transferred into a 
fresh solution of the first fixative for 2 hr at 4°C. 
Samples were removed and washed twice with PBS for 10 min/ 
wash. After this, each specimen was transferred into the 
second fixative for 2 hr at 4°C. Each specimen was washed 
once with PBS as described above. Each specimen was kept in 
PBS at 4°C for further steps. Specimens were dehydrated, 
embedded in Spurr's epoxy resin mixture, sectionated with a 
knife (approximately 2 mm2 of the central ventral region of 
third abdominal segment). Finally, each specimen was 
examined with a Philips CM-10 transmission electron 
microscope at the EM facility of the University of 
Massachusetts, Amherst (Philips Electronic Instruments 
Company, Mahwah, NJ). 
3.1.1.3 Statistical Analysis 
A Student t-Test ("Statistics" software package, NH 
Analytical Software, Roseville, Minn) was used to determine 
if there were statistically significant difference between 
the cuticle thicknesses of MA-R and SS strains of CPB. 
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3.1.2 Waxy layer Analysis of MA-R and SS Strains of CPB. 
3.1.2.1 CPB Strains 
Two strains of CPB were used in this study. A 
susceptible laboratory strain of CPB (SS) was supplied by G. 
G. Kennedy, North Carolina State University at Raleigh. A 
multiple insecticide-resistant strain of CPB (MA-R) was 
collected from potato fields in Hadley and South Deerfield, 
MA (Argentine, 1987). 
3.1.2.2 Chemicals 
A saturated n-tetracosane standard (nC24:0, MW: 338.7, 
99% pure) and pesticide-grade n-hexane (99 % pure) were used 
in this experiment (Sigma Chemical Co., St. Louis, MO). 
3.1.2.3 Sample Preparation 
Fourth instars (60 mg each) were sacrified by freezing 
at 0°C for 5 min. Cuticular lipids from the waxy layer of 
each specimen were extracted by immersing the intact beetle 
into 1 ml of n-hexane for 2 min. An internal standard of 
100 ng of n-tetracosane was introduced into all samples 
(i.e. 6 ul of the internal standard solution). Each extract 
was quantitatively transferred to a 1 ml calibrated glass 
vial and concentrated to 60 ul under a stream of nitrogen. 
A 2 ul aliquot from each sample was used for the gas 
chromatographic analysis of cuticular lipids. 
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3.1.2.4 Gas Chromatocrravhv (GC) Analysis 
GC analysis was performed with a Varian 3700 
chromatograph and a HP 5890 series II chromatogram both 
equipped with a flame-ionization detector (FID), a " Grob 
type" splitless injector, and a 25 m HT-5 fused silca 
capillary column (0.22 mm I.D., 0.1 urn film thickness, 
Scientific Glass Engineering, Austin, TX). The temperature 
was programmed from 210°C to 300°C at 2°C/min and held at 
300°C for 15 min. Helium was used as the carrier gas at 30 
ml/min. The FID was supplied with hydrogen at 30 ml/min and 
air at 240 ml/min. Peak areas were integrated using a 
Hewlett Packard model 3392A integrator (Hewlett Packard 
Inc., Wilmington, DE). 
3.1.2.5 Gas Chromatocrravh-Mass Svectrum Analysis_(GC-MSJ_ 
GC-MS analysis was performed using a Hewlett-Packard 
model 5989 A GC-MS system equipped with a splitless injector 
(Hewlett Packard Inc., Avondale, Pa). Separation was 
achieved on a 25m HT-5 fused silica capillary column (0.22 
mm I.D., 0.1 urn film thickness, Scientific Glass 
Engineering, Austin, TX). The electron impact (El) mass 
spectra were obtained at a nominal ionization voltage of 70 
eV. 
3.1.2.6 Statistical Analysis 
integrated peak areas for each chromatogram were 
normalized before being quantified. To normalize for 
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injection effeciencies, the area of each n-tetracosane 
internal standard peak of each chromatogram was divided by 
the largest integrated area of n-tetracosane internal 
standard. The quotient of each division was multiply by 
each integrated area of each chromatographic peak to obtain 
the normalized peak areas. The amount of lipid in each 
chromatographic peak was determined by multiplying each 
normalized peak area by the amount of the internal standard 
(100 ng/ul injected). The total was divided by the largest 
integrated peak areas of the n-tetracosane internal 
standard. 
A Student t-Test ("Statistics" software package, NH 
Analytical Software, Roseville, MN) was used to compare the 
amount of cuticular lipid associated with MA-R and SS 
strains. The amount of cuticular lipid associated with each 
peak in the chromatograph of the MA-R strain was compared 
to the corresponding amount of cuticular lipid associated 
with each peak in the chromatograph of the SS strain. 
3.1.3 Determination of 2-methyltriacontane as a Penetration 
Factor 
3.1.3.1 CPB Strains 
Fourth instars of the SS and MA-R strains of CPB were 
used in this study. 
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3.1.3.2 Chemicals 
The following compounds obtained from the following 
sources were used in this study: n- tetracosane (nC24:0 ) 
was used as an internal standard (Sigma Chemical Co. St. 
Louis, MO); n-hexane (reagent grade, Sigma Chemical Co. St. 
Louis, MO); an authenticated standard of 2-methyltriacontane 
was provided by Dr. George Pomonis, U.S. Department of 
Agriculture, Biosciences Research Laboratory, Fargo, ND; 
[14C] ring-labeled azinphosmethyl ([Benzene ring U-14C] 
Gluthion, 0.13 mCi in benzene 46.9 mCi/mmole) was provided 
by Miles Inc., Kansas City, MO. 
3.1.3.3 Sample Preparation 
Twenty-five fourth instars from each strain (MA-R and 
SS) were sacrified by freezing at 0°C for 5 min. A sample 
of 25 beetles (MA-R or SS) was placed into a 50 ml glass 
vial and cuticular lipids extracted with 25 ml of n-hexane 
for 2 min. Prior to extraction, a 150 ul aliquot of n- 
tetracosane (internal standard 100 ng/ul), was added to the 
25 ml of n-hexane. Both extracts of MA-R and SS strains 
referred as a pooled extract were kept in a refrigerator at 
4°C for further analysis. 
3.1.3.4 Extraction of Cuticular Lipids from—the—Central 
Recrion of Third Dorsal Abdominal—Segment 
The surfaces of the central regions of the third dorsal 
abdominal segments (3.14 mm2) of 5 MA-R and 5 SS beetles 
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were stripped of cuticular lipids. One end of a 20 mm 
length of glass tubing (2 mm diameter) was attached with 
Aron Alpha glue (Borden Inc., HPPG, Columbus, OH) to the 
central region of the third dorsal abdominal segment of each 
beetle. Cuticular lipids were extracted by placing a 10 ul 
aliquot of n-hexane into the glass tubing. After 2 min, the 
hexane was removed and a 2 ul aliquot was taken for GC 
analysis of cuticular lipid. This procedure was repeated 5 
more times and resulted in the removal of cuticular lipid 
from the third dorsal abdominal segment of each individual 
beetle below the detection limit of the GC analysis. These 
beetles were then placed into individual wells of a 96-well 
plastic microplate for further steps. 
3.1.3.5 Determination of the Amount of SS and MA-R 
Cuticular Livid Extract Necessary to Reproduce the Cuticular 
Livid Profile of the Third Dorsal Abdominal Segment of SS 
and MA-R Strains 
Different volumes of SS and MA-R extract (see section 
3.1.3.3.) were used in the course of this study. These 
volumes, ranging from 16 to 20 ul, were concentrated to 2 ul 
under a stream of nitrogen and used for GC analysis. This 
procedure was done to determine the approximate volumes of 
SS and MA-R extracts necessary to reproduce the cuticular 
lipid profile by GC analysis of the waxy layer from the 
third dorsal abdominal segment of SS and MA-R strains after 
lipid extraction. 
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3.1.3.6 Determination of the Amount of 2-methyltriacontane 
$ 
Standard to be added to SS Cuticular Livid Extract to Yield 
the SS+ Livid Profile 
To reproduce the cuticular lipid profile of the MA-R 
strain, a 1 ml aliquot of SS extract was used (see section 
3.1.3.3). Different volumes of the 2-methyltriacontane 
standard (10 ng/ul) were added to the 1 ml aliquot of SS 
extract. The extract was quantitatively transferred to a 1 
ml glass vial and concentrated to 2 ul under a stream of 
nitrogen and used for GC analysis as before. The extract 
that was ammended with the amount of 2-methyltriacontane (22 
ul) to reproduce the cuticular lipid profile of the MA-R 
strain was designated SS+. 
3.1.3.7 Determination of the Difference in Penetration 
Rates of [—Cl azinvhosmethvl in CPB Strains 
Previous work established that the MA-R strain had a 
cuticular penetration factor that resulted in approximately 
two-fold more [14C]azinphosmethyl remaining on the MA-R 
cuticle 2 hr after topical application compared with the SS 
strain (Argentine, 1991) . To determine if 
2-methyltriacontane is a penetration factor associated with 
the waxy layer of MA-R strain, different cuticular extracts 
were applied to pre-extracted SS and MA-R beetles. The 
following treatments were applied to the pre-extracted 
region of third dorsal abdominal segment of individual 
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beetles using a 50 ul syringe: 1) a 20 ul aliquot containing 
the cuticular lipid components of the pooled MA-R extract 
(see section 3.1.3.3.); 2) a 20 ul aliquot containing the 
cuticular lipid components of the pooled SS extract (see 
section 3.1.3.3.); 3) a 20 ul aliquot of the SS + extract; 4) 
a 50 ul aliquot containing the cuticular lipid components of 
the third abdominal segment of a single SS beetle; 5) a 50 
ul aliquot of containing the cuticular lipid components of 
the third abdominal segment of a single MA-R beetle. 
The 50 ul aliquots correspond to the total extraction 
volumes from the central regions of third dorsal abdominal 
segments of an individual SS or MA-R beetle. This volume 
was reduced to 20 ul prior to being replaced back onto pre¬ 
extracted beetles. The 20 ul aliquots'correspond to the 
volumes that gave the same cuticular lipid profile of the 
third abdominal segment of a single SS or MA-R beetle. The 
SS+ extract correspond to the mixture of 22 ul of 2- 
methyltriacontane standard and 1 ml of the SS pooled extract 
(this volume was taken from the pool SS extract, see section 
3.1.3.3.) . 
pre_extracted beetles amended in this fashion were 
maintained in individual wells of a 96-well plastic 
microplate for 30 min at 27°C prior the application of 
[14C]azinphosmethyl. Each individual SS and MA-R beetle 
(pre-extracted and amended) was topically dosed with a 1 ul 
aliquot of [44C]azinphosmethyl (11.6 nCi/larvae, 77 
ng/larvae). After a 4 hr incubation period, the amended 
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cuticle area was extracted two times with 5 ul aliquot of 
acetone each time. Acetone extracts were combined and 
concentrated just to dryness under a stream of nitrogen in a 
scintillation vial. The amount of unpenetrated 
[-^C] azinphosmethyl was determined in an emulsifier 
scintillator 299 fluid (Packard, Downers Grove, IL) using a 
LKB-Wallac 1209 liquid scintillation spectrometer (Wallac 
Inc., Gaitherburg, MD). 
3.2. Results and Discussions 
3.2.1 Morphological Differences (Thickness) Between the 
Cuticle of Massachussets-resistant (MA-R)_and Susceptible 
(SS) Strains of CPB 
To determine if the cuticle thickness of the SS and MA- 
R strains play a role in the penetration differences 
associated with the waxy layer of these strains, an electron 
microscope study was performed. The cuticle thickness of 
the third ventral abdominal segments of adults (24 + 2 hr 
post- eclosion) of MA-R and SS strains were not 
significantly different (fc-Test, P > 0.05, Table 13). 
A previous study showed that the high level of 
resistance to azinphosmethyl (i.e. 435-fold) in a multiply 
insecticide-resistant (MA-R) field strain of CPB is complex 
and due to a number of factors including; reduced 
penetration, enhanced xenobiotic metabolism, and site 
53 
Table 13. Thickness differences between the cuticles of 24 
+ 2 hr old adults of the susceptible (SS) and Massachusetts- 
resistant .(MA-R) strains of CPB. 
Strains Na X (um)b S.D.C 
SS 2 7.81 2.01 
MA-R 2 7.91 0.62 
aN/ number in sample. 
^X, the mean of the sample in micrometers. 
CS. D. , standard deviation. 
L. 
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insensitivity (Argentine, 1991). This research indicated 
that the reduced penetration may be potentiated further by 
the overall rapid excretion of azinphosmethyl in CPB. Also, 
the overall effect of an azinphosmethyl-insensitive form of 
AChE is most likely synergized by the combined presence of 
the reduced penetration and increased xenobiotic metabolism 
mechanisms (Argentine et al., 1994). The above experiment 
indicates that the cuticle thickness is unlikely to play any 
role in the reduced penetration rate observed in the MA-R 
strain. Consequently, further studies were done to 
determine if biochemical/physiological factor(s) are 
involved in the penetration barrier associated with the waxy 
layer of MA-R strain. 
3.2.2 Cuticular Lipids Analysis of MA-R and SS Strains of. 
CPB 
3.2.2.1 Separation and Quantitative Differences of 
Cuticular Livid Associated with the Waxy Layer of Individual 
SS and MA-R Beetles 
A comparative study of cuticular lipid of SS and MA R 
strains was undertaken to determine if lipid composition 
differences were involved in the penetration barrier 
associated with the waxy layer of MA-R strain to 
azinphosmethyl. Chromatograms obtained by GC analysis of 
the solvent extract of cuticular lipid from individual 
fourth instar beetles of the SS and MA-R strains are given 
55 
in Figure 1. A student t-Test was performed for each 
individual chromatographic peak of the SS strain and its 
corresponding chromatographic peak of the MA-R strain. This 
statistical analysis showed that there were no quantitative 
differences in normalized and averaged peak areas between 
the SS and MA-R strains except for chromatographic peak 10. 
The amount of lipid associated with chromatographic peak 10 
was highly significantly different (P = 0.01). The lipid 
content of chromatographic peak 10 was estimated to be 1.5- 
fold higher in the MA-R strain than in the SS strain (Table 
14) . 
3.2.2.2 Structural Identification of the Cuticular Lipid 
Associated with Chromatocrravhic Peak 10 
GC/MS analyses were used to identify the structure of 
the lipid compound associated with chromatographic peak 10 
of the cuticular waxy layer extract. A typical electron 
impact (El) mass spectrum of chromatographic peak 10 from a 
cuticular waxy layer extract from an individual MA-R beetle 
is given in Figure 2. The fourteen most abundant ions in 
the El mass spectrum, the base peak, the most diagnostic 
peak (393), and the molecular ion were used to assign a 
structure to the hydrocarbon associated with chromatographic 
peak 10. Based on spectral interpretation and comparison to 
tabulated spectra, (Pomonis, 1989), this hydrocarbon was 
tentatively identified as 2-methyltriacontane. 
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Fig. 1. Typical gas chromatograms of cuticular lipid 
extracts from individual fourth instars of the susceptible 
(SS) and Massachussets-resistant (MA-R) strains of Colorado 
potato beetle. Peak IS is the n-tetracosane internal 
standard (100 ng/ul). 
\ 
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Table 14. Quantitative differences of the gas 
chromatographic peaks from solvent extracts of the waxy 
layer of fourth instars of susceptible (SS) and resistant 
(MA-R) strains of CPB. 
Peak Amount (ng) ± S.D. 
b 
SS MA-R 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
3 15 . 5 + 1.6 17 . . 8 _+ 5.3 
3 7 . , 0 + 0.4 7 . . 4 ± 1.4 
3 45. .7 ± 8.7 50 . . 1 ± 6.5 
3 91. . 5 ± 17.5 112 . . 0 ± 27.8 
3 67 . . 4 ± 12.9 87 . . 8 ± 19.4 
3 15 . 4 ± 3.2 17 . . 1 ± 1.5 
3 10 . . 9 ± 2.3 12 . . 9 ± 0.2 
3 25 .4 ± 2.4 26 . . 8 ± 3.5 
3 6 . 3 ± 0.6 6 . . 2 ± 0.5 
3 5 . 9 ± 0.9 8 . 9 ± 0.6C 
3 20 .3 ± 3.9 19 .4 ± 8.5 
aN, number in sample. 
bS.D., standard deviation. 
CMA-R strain significantly different from SS strain (t-Test, 
P = 0.01). 
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Fig. 2. Electron-impact (El) mass spectrum of 
chromatographic peak 10 (2-methyltriacontane) from a fourth 
instar of the resistant strain (MA-R) of CPB. 
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To confirm that chromatographic peak 10 is due to the 
actual presence of 2-methyltriacontane, an authenticated 2- 
methyltriacontane standard was analyzed using our GC-MS 
system (Figure 3). The mass spectra of the tentatively 
identified 2-methyltriacontane component that comprises 
chromtographic peak 10 of the MA-R strain and the 
authenticated 2-methyltriacontane standard were compared 
(Table 15). In both cases, the qualitative fragmentation 
pattern of mass ions were the same (Figure 2 versus 3) . The 
Student t-Test was also performed to determine if there were 
any quantitative statistical differences between the eleven 
most abundant mass ions from the GC/MS of chromatographic 
peak 10 of the MA-R strain and the authenticated 2- 
methyltriacontane standard. As indicated, there were no 
quantitative statistical differences between these spectra 
(Table 15). We concluded that chromatographic peak 10 is 
indeed 2-methyltriacontane. 
3.2.3 Determination of 2-methyltriacontane as a 
Penetration Factor in the Waxy Laver of the Resistant (MA-R) 
Strain of CPB 
y 
3.2.3.1 Pre-extraction of Cuticular Livids from the Central 
Region of the Third Dorsal Abdominal Secrment 
To ensure that the cuticular surface of interest does 
not contain detectable waxy components, cuticular lipids 
were removed by sequential n-hexane extraction. There was a 
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Fig. 3. Electron-impact (El) mass spectrum of 2- 
methyltriacontane standard. 
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Table 15. Statistical comparison of the relative abundance 
of ions of the mass spectra of 2-methyltriacontane peak of 
the MA-R strain (chromatographic peak 10) and an 
authenticated 2-methyltriacontane standard. 
Ions Na abundance (%) 
Peak 10 + S.pk Standard + S. 
57c 3 47.1 + 0.01 46.9 0.00 
71 3 27.9 + 0.00 27.6 ± 0.00 
99 3 7.6 + 0.01 7.1 ± 0.01 
127 3 3.4 ± 0.00 3.6 ± 0.01 
155 3 2 ± 0.00 2.3 ± 0.01 
183 3 2 ± 0.01 2 ± 0.00 
225 3 1 ± 0.00 1 ± 0.00 
253 3 1 ± 0.00 0.9 ± 0.01 
295 3 1 ± 0.00 1 ± 0.00 
309 3 1 ± 0.00 1 ± 0.00 
337 3 0.4 ± 0.00 0.5 ± 0.00 
393d 3 4.6 ± 0.01 4.8 +_ 0.01 
421 3 1 ± 0.00 0.9 +_ 0.00 
436 3 0.3 ± 0.00 0.3 + 0.00 
aN, number in sample. 
^S.D., standard deviation. 
^base peak. 
^Molecular ion. 
ePeak 10 ions abundance significantly different from 2- 
methyltriacontane standard ion abundance (t-Test, P < 0.05). 
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gradual decrease in cuticular lipids from the first to the 
fourth extraction (Figure 4). After the 5th extraction, 
\ 
there was little or no detectable amount of lipid remaining 
on the cuticular surface of either the SS or MA-R strains as 
judged by the FID-GC detector response. 
3.2.3.2 Determination of 2-methyltriacontane as _a 
Penetration Factor 
The n-hexane extracts containing different cuticular 
and lipid complements were applied to pre-extracted regions 
of third dorsal abdominal segment of individual SS and MA-R 
beetles. 
pre_extracted MA-R cuticle in which MA-R extract was 
replaced resulted in 1.2-fold more [14C] azinphosmethyl 
remaining on the external cuticle surface after 4 hr topical 
application when compared to pre-extracted SS cuticle to 
which SS extract was replaced (i.e. 60.0% ± 0.01 versus 48.8 
% + 0.02) (Figure 5). These two treatments were 
significantly different (fc-Test, P < 0.05) . This result is 
consistent to the original determination that the MA-R 
strain had 1.9-fold more [44C]azinphosmethyl remaining on 
the external cuticle surface when compared to SS strain 2 hr 
after [14C]azinphosmethyl application (i.e. see external 
rinse. Table 1, Argentine et al., 1993). Thus, the pre¬ 
extraction procedures themselves do not alter the overall 
penetration behavior observed in either strain of non- 
extracted beetles (i.e. SS or MA-R). 
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Fig. 4. 
from the 
a fourth 
Sequential n-hexane extraction 
central region of third dorsal 
instar of the resistant strain 
of cuticular lipid 
abdominal segment of 
(MA-R) of CPB. 
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Fig- 5- Total of [14C]azinphosmethyl remaining on the 
cuticle 4 hr post-application. 
The closed circle (•) indicates that MA-R beetl 
receiving the MA-R extract replacement was significant y 
different from SS beetle receiving the SS extract 
replacement(t-Test, P < 0.05). 
The open circle (O) indicates that MA R beetle 
, ^ Qo. extract was not different from SS 
ammended with the SS+ extract was 0 05) 
beetle ammended with the SS+ extract (t-Test, P > O-Ub; 
The closed square (■) indicates that SS beetle 
, , -t-v, fhe cooled MA-R extract was significantly 
ammended with the pooie . , nooled SS 
different from MA-R beetle ammended with the pooled 
extract (t-Test, P < 0.05). 
_ • -i / a \ inriirpt'ps that MA-R beetle The closed triangle (*) indicates tnac different 
ammended with the S , 4. reolacement (t-test, 
from SS beetle receiving SS extract replacemen 
P < 0.05). 
/ 
The closed diamond (♦ ) indicates that SS beet 1 e 
v ^ qq i pvtract was significantly difterenu 
mmended with - . qq pvtract replacement (t-Test, 
from SS beetle receiving SS extract repi 
P < 0.05) . 
cx 
( i—i ^ *1 -nHi rstes that MA R beetle 
The open square (□ ) ^ different from 
ammended with SS W*s (t-Test, 
beetle receiving with SS extract j- f 
p > 0.05). 
SS 
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Pre-extracted 4th instars of CPB 
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The pre-extracted MA-R cuticle that received the pooled 
SS extract replacement resulted in 1.1-fold less 
[14C]azinphosmethyl remaining on the external cuticle 
surface when compared to the pre-extracted SS cuticle that 
received the pooled MA-R extract after 4 hr topical 
application (i.e. 48.5 + 0.01 versus 55.0 ± 0.09) (Figure 
5) . These treatments are significantly different (t-Test, P 
< 0.05) and the SS pre-extracted cuticle ammended with the 
pooled MA-R extract resulted in 6.5% less penetration of 
[44C] azinphosmethyl compared to the pre-extracted MA-R 
cuticle amended with the pooled SS extract. Also, addition 
of the pooled SS extract to a pre-extracted MA-R beetle 
resulted in no differences in [14]azinphosmethyl remaining 
on the external cuticle when compared to the pre-extracted 
SS beetle ammended with the pooled SS extract (i.e. 48.5% ± 
0.01 versus 48.8% ± 0.02, t-Test, P > 0.05, Figure 5) . 
Thus, the normal penetration behavior of these two strains 
can be reversed by switching cuticular lipid complements. 
Exogenous 2-methyltriacontane was added to the SS 
cuticular extract to exactly mimic the MA-R cuticular lipid 
gas chromatographic profile and resulted in the SS+ extract. 
Addition of the SS+ extract to pre-extracted MA-R beetles 
resulted in no significant difference in [14C]azinphosmethyl 
remaining on the external cuticle when compared to the pre- 
extracted SS beetles amended with the SS+ extract after 4 h 
topical application (i.e. 57.8% + 0.07 versus 55.1% ± 0.05, 
t-Test, P > 0.05, Figure 5). However, pre-extracted MA-R 
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beetles that received the SS+ extract resulted in 1.2-fold 
? 
more [14C]azinphosmethyl (i.e. 9% more [14] azinphosmethyl) 
remaining on the external cuticle when compared to the pre¬ 
extracted SS strain amended with the SS extract (i.e. 57.8% 
+ 0.07 versus 48.8% ± 0.02, t-Test, P < 0.05, Figure 5) . 
Similarly, pre-extracted SS beetles that received the SS+ 
extract resulted in 1.2-fold more [14C] azinphosmethyl (i.e. 
6.3% more [14]azinphosmethyl) remaining on the external 
cuticle when compared to pre-extracted SS beetle ammended 
with the SS extract 4 hr after topical application (i.e. 
55.1% ± 0.05 versus 48.8% + 0.02, t-Test, P < 0.05, Figure 
5). Thus, the reduced penetration behavior of 
azinphosmethyl observed in the MA-R strain is due in large 
part to the elevated level of 2-methyltriacontane that acts 
as a penetration barrier for this insecticide. 
The higher level of resistance to azinphosmethyl in the 
multiply-resistant (MA-R) field strain of CPB appears to be 
complex, involving at least three factors including: an 
altered target site insensitivity, enhanced xenobiotic 
metabolism and reduced penetration (Argentine et al. , 1993). 
It now appears that an insensitive AChE that is 16-fold less 
sensitive to azinphosmethyl-oxon (Zhu and Clark, 1994) is 
synergized by the combined presence of the two minor 
factors, a low level of induced oxidative metabolism (2- to 
3-fold) and the above penetration factor (2-fold, MA-R 
strain only). Thus, the identification of 2- 
methyltriacontane as the penetration factor may be of 
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particular importance in overall azinphposmethyl resistance 
in MA-R strain of CPB. This is also the first report that 
has chemically identified a penetration factor involved in 
insecticide resistance. 
Two final points are of interest. First, cuticular 
lipids of insects consist of aliphatic material which is 
present on the outer layer of the integument. It had been 
found that n-alkanes are present in almost every insect 
analyzed. However, both n-alkanes and alkenes were reported 
to be absent in CPB (Malinski et al., 1986). In this case, 
the cuticular lipid complement of CPB consists of a mixture 
of 2-methylalkanes, internally branched monoethylalkanes, 
di-, tri-, and tentatively identified tetra-methyloalkanes 
(Dubis et al., 1986). The second point is that 2- 
methyltriacontane is the major 2-methylalkane associated 
with the cuticle of CPB (Dubis et al., 1986) and with the 
waxy layer of its host plant Solanum tuberosum (Dubis et 
al. , 1986). This suggests that 2-methyltriacontane may be 
derived from the food source because this alkane is one of 
the main components of the waxy hydrocarbons associated with 
potato leaves. Besides its importance in insecticide 
resistance, 2-methyltriacontane production, sequestration 
and physiology may provide a particularly useful model to 
study an insect/host-plant relationship. 
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CHAPTER 4 
GENERAL CONCLUSION 
4.1 Differential Toxicity of Abamectin and two Avermectin 
Analogs (MK-0244 & 8,9-oxide) 
Abamectin was the most effective insecticide to the 
first, second, fourth instars and to adult females and males 
followed by the two analogs, 8,9-oxide and MK-0244. In the 
third instar however, 8,9-oxide was the most toxic 
insecticide followed by abamectin and MK-0244. There was no 
significant difference in the toxicity of abamectin when 
females and males were compared. The lack of sex-linked 
toxicity is consistent to the original finding that 
abamectin resistance in CPB was autosomal, incomplete- 
recessive, and polygenetic (Argentine, 1991) . 
The first instars of the SS strain were more sensitive 
the toxic action of abamectin and the two analogs when 
compared to the other developmental stages. A large 
proportion of the difference in sensitivity to abamectin and 
to the two analogs exhibited by different developmental 
stages can be explained by the differences in body weight. 
Nevertheless, there was a substantial component of the 
^fsrential toxicity that is independent of body weight as 
determinated on a per milligram body weight basis. 
All developmental stages of abamectin-resistant strains 
e-^^-cited resistance to abamectin and cross-resistance to MK- 
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0244 and 8,9-oxide. Abamectin was the most effective 
insecticide followed by the two analogs which were equal in 
toxicity to the abamectin-resistant strains. The loss of 
insecticidal efficacy of abamectin and the two analogs can 
be attributed to a structure-activity relationship. The 
principal resistance mechanism in abamectin-resistance 
strains has been determinated to enhanced oxidative 
metabolism that leads to the formation of C3" desmethyl 
avermectin Bla and 24-hydroxy avermectin Bla (Argentine et 
al., 1992). Neither abamectin nor the two analogs are 
metabolically protected at molecular locations where 
metabolism occurs. This uniformly enhanced metabolism 
resulted in the decreased efficacy of these insecticides to 
resistance. Selectively-protected avermectin analogs may be 
more effective insecticides in suppressing the development 
of oxidative resistance as would the use of oxidative 
synergists. 
First instars of the SS strain were more sensitive to 
the toxic action of abamectin and the two anologs on a per 
milligram basis followed by the second, third, and fourth 
instars and adults. Also, resistance level decreased from 
larval stages to adults. 
Cytochrome P-450 levels were elevated 2.1-fold in ,the 
fourth instars of the AB-F strain compared to fourth instars 
of the SS strain. In addition, cytochrome P-450 levels in 
the adult of the SS and the AB-F strain were elevated 
compared to larval levels but not significantly different 
75 
from each other in the adult stage, (t-Test, P < 0.05) (i.e. 
297.83 and 306.3). Thus, the decreased resistance levels 
associated with the adult stage is due to the enhanced 
cytochrome P-450 levels that are not different from the SS 
strain. 
4.2 Penetration Factor Associated with the Waxy Layer of 
the resistant (MA-R) Strain of CPB 
The electron microscopic study showed that the 
thickness of the cuticles of the SS and MA-R strains is 
unlikely to play any role in the penetration difference to 
azinphosmethyl associated with the waxy layer of MA-R strain 
individuals. 
Cuticular lipid analysis showed that only one 
chromatographic peak was significantly different between the 
two strains and that the MA-R strain had 1.5-fold more 2- 
methyltriacontane when compared to SS strain. 
The penetration behavior of the SS and MA-R strains can 
be reversed by switching cuticular lipid complemnents. The 
SS pre-extracted cuticle ammended with the MA-R extract 
resulted in 6.5% less penetration of [14C]azinphosmethyl 
compared to the pre-extracted MA-R cuticle ammended with the 
SS extract. Also, pre-extracted SS and MA-R cuticle 
ammended with exogenous 2-methyltriacontane containing in 
the SS+ extract resulted in no difference in the penetration 
behavior of [14C]azinphosmethyl. Pre-extracted MA-R cuticle 
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that received SS+ extract resulted in 9% more of 
[14C]azinphosmethyl remaining on the cuticle when compared 
to the pre-extracted SS cuticle that received the SS 
extract. Similarly, pre-extracted SS cuticle that received 
the SS+ extract resulted in 6.3% more of [14C] azinphosmethyl 
remaining on the cuticle when compared to pre-extracted SS 
cuticle ammended with SS extract. The present study showed 
that the overall reduced penetration behavior of 
azinphosmethyl observed in the MA-R strain is due in large 
to the elevated level of 2-methyltriacontane that acts as a 
penetration barrier for the insecticide. 
4.3 Resistance Management for CPB 
A number of different chemical strategies for 
resistance mangement have been developed. These strategies 
include: 1) management by moderation, 2) management by 
saturation, 3) management by multiple attack (Georghiou, 
1983). The terms moderation and saturation in resistance 
management were introduced by Sutherst and Comins (1979) to 
express the use of contrastingly low or high dosages such 
that the target population is either spared severe depletion 
of susceptible genes or is entirely annihilated. The term 
multiple attack is introduced to signify the application of 
multidirectional chemical selection pressure either on a 
short- or long-term basis (Georghiou, 1983) . 
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The present study on the differential toxicity of 
abamectin and the two avermectin analogs showed that the 
adult stage of CPB represents the least resistant form 
compared to the larval stages. This finding is of 
particular importance because it lends itself well to 
resistance management. 
Resistance mangement by multiple chemical attacks, 
which includes insecticides rotation strategies, could be 
applied in this present case. The concept of insecticide 
rotation assumes that individuals that are resistant to one 
chemical have subtantially lower biotic fitness than 
susceptible individuals so that their frequency declines 
during the intervals between application of that chemical 
(Georghiou, 1983). 
In this scenario, abamectin is used first to control 
the overwintered adult upon their emergence in late spring. 
We have shown that abamectin is an effective adulticide with 
a LD50 of approximately 5 ug/ beetle. Furthermore, 
treatment of the adult stage with abamectin should slow the 
development of resistance or at least reduce the magnitude 
of resistance in this stage that appears less metabolically 
capable of detoxifying abamectin. 
It has been demonstrated that avermectin causesd an 
increase of membrane permeability to chloride ions by its 
interaction with GABA-Cl-1 ionophore binding sites or by 
regulating the release of endogenous GABA (Mellin et al., 
1983; Albert et al., 1986). Thus, avermectin reduces the 
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input resistance of the muscle fiber by increasing its 
permeability to chloride ions. This mode of action is 
unique among the major classes of insecticides and no cross¬ 
resistance has been shown in CPB to any other insecticides. 
Bacillus thuringiensis subspecies tenebrionis (M-One, 
Mycogen, San Diego, CA) is then used to control the first 
complete generation of CPB. This microbiological 
insecticide was shown to be most effective on first and 
second instars of CPB (Ferro, 1993). 
Delta-endotoxins are a class of insecticidal toxin 
protein produced by Bacillus thuringiensis (Hofte et al. , 
1989). The mode of action of these toxins is described as 
a multi-component process (English et al., 1992) . They 
interact with the insect midgut epithelium, binding and 
opening cation-selective channels. Thus, delta-endotoxins 
form cation-selective channels in planar lipid bilayers, 
suggesting that these channels are responsible for toxicity 
English et al., 1980). All Bt insecticidal proteins are 
toxic only after ingestion by the susceptible insect. 
If a third generation needs control, an organophosphate 
insecticide could be used. Organophosphates inhibit the 
enzyme acethylcholinesterase (AChE) and thus cause an 
increase in acethylcholine (ACh) , which in turn leads to - 
overstimulation and blockage of acethylcholine receptors. 
Because CBP have become resistant to some oraganophosphates 
and carbamates, it would be interesting to substitute 
organophosphate by the nicotine analog, imidacloprid (NTN 
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3389, Bayer Agro-Chem K K). This new insecticide can 
counter resistance to AChE inhibitors. Imidacloprid 
interacts directly with the nicotinic acethylcholine 
receptor and exerts its toxic action there. 
80 
APPENDIX A 
AVERMECTINS 
Components a : R 26= C 2H 5 
Components b : R 26= CH 3 
Components 1 : X = —CH = CH— 
OH 
Components 2 : X = —CH 2 CH— 
Components A : R^ = CH^ 
Components B : R5 = H 
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APPENDIX B 
MK-0244 (4“-(EPIMETHYLAMINO AVERMECTIN Bla) ) 
82 
APPENDIX C 
ABAMECTIN 8,9-OXIDE 
83 
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